Studies on the Evolution of Immunologic Unresponsiveness Following Hapten Feeding  by Pomeranz, Jerome R.
Tnt: J oL---nNAL o F b.'YESTlGATn·E DERMATOLOGY 
Copydgln © 1971 by Tloe Willuuns & WilkinB Co. 
Vol. 56, No. 0 
Pn·nted in C.S.A .. 
STUDIES ON THE EVOLUTION OF IMM ~OLOGIC 
u :0.'RESPOXSIVE ESS FOLLOWI::\G HAJ>TE::\ 
FEEDING* 
J EROME R. PO~fERi\.NZ . .M.D. 
ABSTRACT 
The establishment of immune tolerance after feeding a single large dose of picryl chloride 
lo previously starved guinea pigs requires a miillmal induction period of approximately 
48 to 72 llOurs . Resistance to anaphylactic sensitization is regularly present at two days 
and reaches the highest levels by four days . In contrast, contact tolerance occurs sporadically 
at 72 bours and gradually increases in frequency to reach the maximum rate of inhibition 
O\'er an in teJTa] of 18 to 21 days. 
The timing of -u ppressing :md challenging 
proc·edu res is a crucial facto r in the induction of 
immunologic unresponsi\'eness. However, the 
temporal evolution of tolerance to simple chemi-
cal antigen following oral administration has 
not been intensively studied because the regime 
most commonly employed to induce tolerance 
requires multiple feedings of the hapten over a 
period of weeks. Tbis method makes it impossi-
ble to precisely define the point at wbich to 
be"in measuring the length of time necessary for 
tolE-rance to evoh·e. The appearance of immuno-
logic unresponsiveness in guinea pigs follo\\ing 
ing •tion of a single large dose of picryl chloride 
pro,·ide' a method which permits direct mea--
urernent of time. Although not all aspects of 
tolerance following a single feeding h:n·e been 
~t.udird, it i:' directly comparable to unrespon-
si \'eJJ l'oS estnblisbed " ·ith multiple feedings (1). 
The de,·elopment of both delayed contact hyper-
sensit ivi t.y and antibody fo rmation to hapten-
protein conjugates is inhibited ; the phenomenon 
j, pccifir and the effect profound, although not 
~bsolute . The rate of unresponsi\'enes' is dose 
related to a Je,·el bryond wbir.h increa ing the 
amoun of picryl Jed does not increase the pro-
portion of tolerant animals. Six months after the 
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feeding, the capacity to respond is still sup-
pressed in a majority of the animals (2). 
I n the following experiments guinea pigs were 
immunized at seqnential intervals after hapten 
feeding and eYaluated fo r t he presence of immu-
nologic unresponsiveness. The studies sought to 
in,·estigate the effect of t ime on the frequency 
wi th which tolerance appears and to determine 
the optimal period requi red for maximal devel-
opment of the phenomena. 
MATERIALS ·"-" 0 METHODS 
Animals . Randomly bred male and femal e Hart-
ley strain guinea pigs weighing 300 to 450 grams 
obtained primaril~· from BeauM31lor Farms, Cleve-
land. Ohio were used in these experiments. 
An tigen. Picr:-·1 chloride (Easlnlan Organic 
Chemicals. Rochester, New York ) was re-ery-
talized three or more times from a hot mixture of 
t"·o parts absolu te alcohol and one part benzol. The 
crystals were dried fo r several da~·s in a desiccator 
OYer pho phorous pentoxide and U1en ground to a 
fine powder. 
Feeding technique. The guinea pigs were in-
tubated with a poly eth~· l ene tube as previously de-
scribed and 1.5 ml of corn oil containi ng 60 mg of 
p i er~·] chloride "·as slow].'· injected and then fl ushed 
wi th 0.25 ml of corn oil alone (1 ) . This dose was 
selected because it pro,·ed to be ns effec ti ,-e in de-
pressing re-pon&vene - as larger amounts (I) . 
Picryl conjugates. Picr:dnted bm· ioe nlbumin-
45 mg /gm of albumin and p i c r~· l a t ed guinea pig 
' Cruro-55 mg/gm of conjugnle were prepared by 
th method of Benacerraf and Le,·ine (3) . 
Tests for contact reactivity . Fifty microliters of 
3 non-irritant coneentrnl.ions o[ pil'T:'·l chloride 
(1 %, .3 o/c . .l "'c ) in acetone oli,·e oil (4:1 ) were ap-
plied to the skin using a micros~·ringe . The sites 
were read at 24 hours and the inteosi t~ · graded as 
follow"' ::: (trace) fain t pink spots: +faint pink 
confluent mncular erythema; ++ pi nk confluent 
macular ery thema ; +++ bright pink confluent 
macular erythema with n lightl~· th ickened ele-
,·ated edge : ++++confluent bright pillk erythema 
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with distinct thickening, elevation and necrosis. A 
1 + or better reaction was considered a positive 
test. 
Circulating antibody. Blood was obtained from 
the orbital sinus and the sera refrigerated or frozen 
for later testing by passive cutaneous anaphylaxis. 
Passive cutaneous anaphylaxis (PCA). 0.1 ml 
of each serum was injected intradermally into the 
back of a normal guinea pig weighing 250 to 325 
grams. Sixteen to eighteen hours later the animals 
were given an intravenous injection of 1 ml., 0.5% 
Evans blue (Matheson, Coleman and Bell , Cincin-
nati, Ohio) containing 5 mg. picryl bovine albumin 
(4). The blued sites were read at 30 minutes. 
Immunologic unresponsiveness to contact sensi-
tization. Active sensitization was attempted by the 
injection of 20 p.g picryl chloride in complete 
Freund's adjm·ant Hr.RA (Difco Laboratories Inc., 
Detroit, Michigan) into each ioot pad for a total 
of 80 p.g. This proc dure regularly produced con-
tact reactivity and sometimes anaphylactic reacti,·-
ity as well in the strain of guinea pigs used. Failure 
to develop contact dermatitis with an in tensity of 
1+ or better was interpreted to indicate immu-
nologic tolerance to contact sensitization. 
Detection of immunologic unresponsiveness to 
anaphylactic semitization. A total of 5.6 p.g of 
picrylated guinea pig serum was injected in com-
plete Freund's adjuvant in to the t 'vo rear foo t 
pads. Two weeks later the animals were bled from 
the orbital sinus and the sera tested for the pres-
ence of circulating antibody to picryl bovine albu-
min by passive cutaneous anaphylaxis. This proce-
dure regularly induced formation of circulating 
antibody to picryl protein conjugates and the ab-
sence of antibody was interpreted to indicate the 
presence of immunologic unresponsireness to ana-
phylactic sensitization. 
Experimental procedure. Da~· - 1, solid food re-
mo,·ed and guinea pigs permitted only water ad 
libitum; day 0, picryl chloride fed; day + 1 solid 
food feeding resumed; days +1 to +21, active sen-
sitization attempted at sequential intervals; 14 
days after active sensitization-bleeding and con-
tact tests; 15 da:vs after active sensitization-con-
tact tests read. 
RESULTS 
A. Temporal Evolution of Unresponsiveness to 
Con tact Sensitization 
The results of increasing the time interval be-
tween feeding and attempted sensitization on the 
rate and intensity of contact hypersensitivity in 
picryl-fed and control guinea pigs are shov.n in 
Table I. The picryl-fed animals immunized one 
day after feeding uni formly developed contact 
hypersensitivity to pi cryl chloride as did all the 
controls rega rdless of the time interval. In con-
trast, picryl-fed guinea pigs immunized more 
than one day following ingestion of the hapten 
failed to respond to antigenic stimulation in 
gradually increasing numbers. Inability to de-
velop significant contact reactivity appeared in 
one animal after a latent period as brief as 72 
hours, but more than se\·en days were necessary 
for a majority of the animals to become toler-
ant. The maximum rate was reached after an 18 
day interval and allowing more time did not 
affect it. 
Comparing the intensity of the positi,·e reac-
tions in the experimental and control group" re-
yeaJs many 1+, but fe,v 3 or 4+ responses in 
the sensitized picryl-fed animals, while con-
TABLE I 
Results of increasing time intervals between and immunization on unresponsiveness to contact sensitization 
Interval PICRYL FED CONTROLS 
Be t ween Contocl React ion to I% PCL Contact Rea ction to I% PCL Feed in9 
and Negat ive Ne9otive 
Immunization Intensity of React ion or Intensity of Reaction or Trace Trace 
I Day 4 -t ,4-+ , 3 -t,2 "1" ,21' , 1+,1 .... 0 ( 0 %) 4 +, 4 -+, 3 "1-, 2-t ,2 ... · a 
3 Days 2+ , 2+, 2 +, 2-+ , l+ , Tr 1/7 ( 17'1.) 3 +, 3+ , 2+ , 2• 0 
5 Days 2• ,2+ . I + , 1+, 1+ , Tr, 0 217 (29%) 4T , 4'1',4+, 3-+, 2T 0 
7 Days 4+ , 3 + , 1+ , I+, I+, Tr, Tr 217 (29'1.) 4+- , 4 +, 4 1', 3 '7", 2+ 0 
9 Days 1+, 1+,0,0,0,0,0 517 (7 1 '!.) 4 .. . 3-+,3 ~. 21'" , 2 + 0 
II Days 2+ , I+ , I + , 0 , 0 , 0 , 0 4 /7 (57%) 4+ , 3+-,3 '1', 2 .. 0 
14 Days 1+,1 + , 0 , 0 , 0,0,0 5/ 7 ( 71%) 4+ ,4+ ,4 1'" 0 
18 Days 3+,0 ,O , D , O . O,O 6/7 (86"1.) 4 + ,4 + ,4 +,3+ 0 
2 1 Days I+ , 0 , 0,0,0,0,0 6/7 (86"1.) 4't , 4'f,3 't" , 3 + ,2+ 0 
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versely the contact tests in the corresponding 
controls all graded 2+ or better and 3 or 4+ 
responses were co=on. However, it should be 
pointed out tlmt in previously reported experi-
ments a few 1+ contact reactions occurred in 
control guinea pigs of the same stock i=unized 
with the identical regimen ( 1) . 
The observation that, with one or two excep-
tions, the sensitized picryl-fed animals tended to 
have less in tense contact reactions than their 
paired controls, implies the presence of partial 
or incomplete contact tolerance. Unfortunately 
tllis could not be confirmed because there was 
considerable overlapping and the small numbers 
preclude meaningful statistical analysis (5) . 
B. Temporal E volution of Unr~ponsiven~s to 
AnaphylMtic Sensitization 
Foot pad injections of picrylated guinea pig 
serum in adjuvant were used as the sensitizing 
challenge in t hese experiments because unconju-
gated picryl chloride failed to stimulate the for-
mation of hapten-specific antibody with suffi-
cient regularity. Table II bows that neither the 
control groups nor those i= unized one day 
after feeding baYe a significant rate of anaphy-
lactic unresponsiveness althougll a few of the 
controls did not make antibody. However , 71 o/o 
of the animals i=unized as briefl~· as 48 hours 
follo"ing feeding, were unable to respond. Simi-
larly t he majority of those immunized at la ter 
intervals up to 21 day , were also tolerant. The 
sera were not titered, but the positive PCA reac-
t ions in the control and experimental groups 
were of compar::tble size and intensity. 
DISCUSSION 
These studies illustrate the tempor::U relation-
s!lips of unresponsiveness induced by oral ad-
ministration of a simple chemical to guinea pigs. 
Hapten feeding must precede the sensitizing at-
tempt by more than a day to effectively suppress 
either contact or anaphylactic reactivity. In 
comparison, other tolerogenic procedures do not 
require an induction period and will depress re-
sponsiveness when performed after the sensitiz-
ing attempt. Inllibition of skin reactivity to 
neoarsphenamine has been observed in guinea 
pigs given an infusion of the chemical one day 
following a sensitizing intradermal injection of 
the same antigen (6, 7). Similarly drug induced 
immunosuppression produced by daily injections 
TABLE II 
Effect of increasing time intervals between feeding ond 
immunization on immunologic unresponsiveneu to 
anophyladic" sensitization 
iNTERVAL PCA ANTIBODY 
PICRYL FED POSITIVE NEGATIVE 
I Day 6/6 0/6 ( 0%) 
2 Days 217 5/7 (71%) 
4 Days 0/6 6/6 (IOO%) 
7 Days 1/6 5 / 6 (8 3 %) 
14 Days 1/5 4/5 (80 %) 
2 1 Days I 017 717 (100%) 
Controls 
All Days 24/ 27 3/ 27 (II%) 
of cyclophosphamide or methotrexate will still 
effectively block contact reactivity to dinitro-
clllorobenzene or pier,·! chloride, e,·en if the 
course is started as long as three to four days after 
the sensi riz ing procedure ( , 9). Hm,·ever, :1 re-
sponse will appear when the drug is discontinued 
and paradoxically it bas been shown that cyclo-
phosphamide bas a potentiating effect if the sen-
sitizing attempt is performed on the last day of 
a five day course of the drug (10). 
As the time between ingestion of the chemical 
and i=unization is eAiended. resistance to con-
tact or anaphylactic sensitization appeared with 
increasing regularity , but at differing rates. The 
frequency of contact tolermcc rose gradually 
and required 18-21 days to reach maximal 
JeyeJ.>. This effect of hapten feeding on inllibition 
of contact bypersensiti,·i ty i, simila r to that re-
ported by DeWeck and Frey, who found that 
the optinral period for the induction of contact 
tolerance to dini trochlorobenzene in guinea pigs 
giYen dinitrochlorobenzene sulfonate intrave-
nously was 14 to 28 days (11). 
In contrast, the rate at which prior hapten 
feeding inllibited the capacity to fo rm antibody 
rapidly reached maximal]e,·els by four day and 
was su tained as the interval was lengthened. 
Similar studies on the rate at which anaphylac-
tic unrespon iveness de,·elop after infusion or 
feeding of hapten are not aYailable for compari-
son . However, the kinetics of tolerance to anti-
body formation following tl1e injection of pro-
tein antigens has been eJo.-tensively in,·estigated in 
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mice (12-J.t). Although t hese studies wi th pro-
tein anti"em' arc more complex and not abso-
lute!~- analogous. the re>ults using a nuiety of 
ant ig ns and systems, including cell t ransfer to 
remon relli' from the em-ironment of extra-cel -
lular antigen. nl~o indicate that a fairly short 
induction Jleriod, generall~- four to five days, is 
needed to stabli.sh tolerance to a ntibody forma-
tion. It i~ interesting to note that in vitTo incuba-
tion with iolerogenic doses of a.ntigen as brief as 
15 minutE'>' ha,·e been reported to result in a 
significam dcgrPe of toleranc.P in kinetic studies 
at a cellula r Jc,·e) (15). 
The r ates at which contact and anaphylactic 
tolerance de,·elop are not strictly comparable. 
Ho,,-e,·er. c,-en if partial contact tolerance is 
considered. the data suggest that inhibition of 
antibod~- formation occu r" more rapidly and 
complete)~- ilum suppression of contact reacti,--
ity. P erhaps durin" the induction phase of im-
muni ty . potentia l antibody forming cells are vul-
nerable to the rolerogenic effect earlier and/ or in 
grea er number" than cells scheduled to mediate 
contact reaeti,·it~· - It ha~ been ho\\·n that use of 
sen~iti ,·p 1 echniques will detect anti bod,· to tl1e 
hapten :\IP as ea rl~- or earlier than contact 
rearth·ity. ~uggesting that antibody synthe-
s is or·curs more rapidly (16). To specu late 
further. the current concept i that tolerance 
occurs a~ a result of direct interaction between 
antigen and reacti,·e l~mphoeytes (17). Inge"ted 
hapten firs-~ encounters l~mphocytes in the gut 
wall and if the Pe~·ers patches of gastro intestinal 
l;vmphoid tissue are Yiewed as the functional 
equi,·alem of the bursa of F abricius in chickens 
- thm i' as an organ of lymphoid cells that 
populate the l)mph nodes and differentiate into 
antibod~- forming plasma cells in contrast to 
th~mus deriYed l~mphocytes which are con-
e med "ith delayed type immunity-then it fol-
lows hat antibody formation would be affected 
fir -·t (18). Additional e.'l.-periments comparing the 
rates at which anaphylactic and contact toler-
anrf' appea r following infusion of a hapten 
might indirectly help to clarif~- the role of gas-
tro intpstinal l~mphoid tissue. 
vYhntever the series of e,·en s the toler ogen 
initiates following feeding , the finding that 4 
hour:' or long r in t.hc rase of delayed reacti,ity 
is necessar_,- fo r sensitization to be inhibited , in-
dicates thm e.'l.-posure to antigen r esults in more 
than just a simple immediate destruction of po-
tentially responsive cells. The role of persistent 
antigen i unclear. Ritts and Chase r eported 
that mo t. ingested pier~·] chloride is rapidly hy-
drolyzed to picric acid iu th gut and were una-
ble to locate any remaining hapten by autora-
diography (19). Recent studies utilizing the sen-
sitizing capacity of tio'ues from picryl chloride 
fed guinea p igs to det ct residual hapten, have 
shown that elements of the upper gastrointes-
tinal t ract obtained up to 24 hour a fter inges-
tion, but no longer , ha,-e t he ability to sensitize 
fresh animals (20). Thi indicat the amount of 
persi tent hapten if a.ny, is miniscule. These ob-
servation ' together "ith the ab, ence of suppres-
sion at 24 hours proYide substantial evidence 
that unresponsi,·eness even after feeding these 
large doses does not result from antigen depots 
absorbi11g antibody or r eacting with ensitized 
cells. 
I wish to express m!- appreciation to Mi5o 
Patricia Brown for her technical assistance. 
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